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AOTHORIZATION FOR TEST 

1« This test vaa authorised by the Bureau of Aeronautics, latter Aer-E-350-Sl- 
F-13~4(D of 21 May 1941. 

OBJECT OF TEST 

2. The object of this work was to design, construct, and test a practical 
Valveless-Resojet motor operating on the principle of the Intermittent firing 
of an atmospheric air-fuel mixture In a chamber to produce a high-velocity 
jet of the exhaust gases, which produces forward thrust on the motor by 
direct jet reaction. 

SUMMARY 

3. A 6" Valveless-Resojet motor was designed, constructed, and tested by 
this Station. This motor operates on the principle of the intermittent 
firing of an atmospheric air-fuel mixture in a chamber to produce a high- 
velocity Jet of the exhaust gases which produces forward thrust on the 
motor. 

4. The Valveless-Resojet (see Plate 1) consists of a combustion chamber, 
a nozzle pipe through which the exhaust gases leave the motor, an air-en- 
trance duct in the front of the chamber, a means for injecting fuel and a 
means for igniting the fuel-air mixture in the combustion chamber. 

5. In on earlier report by this Station entitled "Design, Construction and 
Testing of a 6" Resojet Motor", Serial Ho. ESS-B-5350-AS(a), tests on a 
motor similar to the present motor were described. That motor operates on 
much the same principle, but employs mechanical, reed-type valves in the 
chamber head-plate to prevent loss of explosive energy in the forward di- 
rection. The present motor is, therefore,termed a "Valveless-Resojet" 
since its "valving" is accomplished acoustically, rather than mechanically. 

6. The results of tests on 
Plates 2 to 7): 

Approx. 
Air speed 
MPH 

the best motor shape tried are as follows (see 

Net thrust 
LBS 

Specific ; 
lbs/lbB/i 

thrust 
sec. 

340 
420 
480 

10.5 954 
13.5 835 
Would not resonate properly. 

The fuel used in these tests was gaseous propane. 

7. It is believed that Valveless-Resojets, in larger sizes, of oourae, 
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Mould provo to be of great use in many applications which require a light- 
weight expendable jet propulsion unit or a light-weight, compact gas generator 
for driving turbines, etc. 

PESCHIPTIOH OF EQUIPMENT 

8. Plate 1 is a drawing of the best Valveleas-Resojet tested. Plate 8 is a 
photograph of the motor completely assembled. The air Intake pipe is made of 
1-1/2" standard steel pipe, the annular head plate of l/8" thick mild steel 
sheet, the combustion chamber of 6" standard steel pipe, the nozzle cone of 
1/8" thick mild steel sheet, the nozzle pipe of A"  standard steel pipe, and 
the fuel supply tube (shown in Plates 8 to 10, protruding from the side of the 
air Intake pipe) is of 3/8" copper tubing. Gaseous propane, the fuel in 
these teBts, is delivered to the motor through this 3/8" tube and enters 
the air stream through £3 holes, No. 53 drill size, directed along radii of 
the air-intake pipe at its junction with the combustion chamber (see Plates 
1, 9 and 10). The materials from which thin motor was made would, of course, 
not be used if the motor were built as light-weight as pousiole. The motor 
described herein is, instead, a test stand model built for long operating 
life without cooling, and frequent and easy disassembly and modification. 
The propane used in these tests is purchased by the Navy in the slightly 
impure form known as "Pyrofax". 

9. This type of jet propulsion device has been termed a "Resojet" by this 
Station since its operation depends upon the excitation of the natural 
fundamental frequency of the gas column in the tube by the intermittent 
force of the explosions therein. Referring to Plete 1, it can be seen that 
air travelling at high speed relative to the motor (as would be the case in 
operation on a fest-moving airplono) will enter the air-intake pipe and mix 
with gaseous propane as it enters the chamber. As the explosive mixture 
reaches the spark-plug, it is ignited, creating a high pressure within the 
chamber. This pressure Bürge moves both out the nozzle pipe and forward 
toward the air-intake pipe. First, this forward moving high pressure wave 
impedes the flow of propane which is delivered at constant pressure to the 
injection holes, and then enters the air-intake tube, stopping the air 
flow. As this pressure wave is dissipated, air and propane are again al- 
lowed to mix and ignite, thus repeating the cycle. In the motor shown in 
Plate 8, the explosion frequency is about 90 cycles per second. Other in- 
take, chamber, and nozzle pipe sizes would cause this frequency to change. 
Plate 11 shows the dependence of the explosion frequency on the length of 
the air-intake pipe. Plates 2 to 7 show the effect on frequency of dif- 
ferent chamber and nozzle-pipe sizes in various combinations. 

METHOD OF TEST 

10. Plate 12 shows the 6" Valveless-Resojet on its test stand. The motor 
Is mounted on a rolling carriage which is allowed to move against an oil- 
filled thrust bellows, which, in turn, is connected to a pressure gauge. ' 
This oil pressure system is calibrated to allow direct reading of thrust 
while the Resojet is in operation. 
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11. Fuel (gaseous propane) Is supplied to the Resojet from a pressure tank 
Into which gaseous propane has been bled from its shipping container. From 
the gaseous propane tank, the fuel enters a manually-controlled fuel valve 
which is used to regulate the amount of fuel delivered to the motor. A 
spark plug, installed in th side of the motor, is connected in on electrical 
circuit with a Ford coil, and provides the initial ignition of the explosive 
charge. 

12. When it is desired to moke an efficiency run, the pressure and tempera- 
ture of the gaseous propane in its tank are measured. An air blast from 
compressed air tanks is directed at the air intake pipe of the motor, its 
speed being measured by a pitot tube mounted between the air source and the 
motor. The ignition system is turned on and the fuel valve opened, allowing 
gaseous propane to be fed into the chamber by its own pressure in the supply 
tank. Combustion begins immediately at about 90 explosions per second. The 
fuel flov is increased until the thrust reaches a maximum. Any increase in 
fuel flow beyond this pcint will cause the motor to stop running. The thrust, 
as measured by the thrust system pressure gauge, is found to remain quite 
steady, since the high frequency of operation produces effectively u  constant 
thrust. The total time of the run is measured by a stop vatch. When the 
tost run is ended, the pressure and temperature of the gaseous propane in the 
supply tank are measured. Reference to a Mollier diagram for superheated 
propane gas yields the total weight of propane consumed during the run. 

RESULTS OF TEST 

13. Plates 2 to 7 show the results of all tests run on this type of motor. 
Plate 1 describes the best (from the standpoint of efficiency) form tested. 
Results of tests on this particular motor ore as follows: 

Approx. 
Air speed 
MPH 

340 
420 
480 

Net thrust 
LBS 

Specific thrust 
lbs/1bs/sec. 

10.5 954 
1?.5 835 
Would not resonate properly. 

14. It must be realised that no attempt was made in these tests to measure 
the external aerodynamic drag occasioned by the high air speedsv since air 
was supplied from a small duct and there was very little "spillover" from 
the air intake pipe of the motor. The net thrusts mentioned above and in 
Plates 2 to 7 do, however, include the detrimental effect of internal air 
drag. 

CONCLUSIONS 

15. It is concluded, on the basis of the foregoing test results, that the 
Valvsleaa-Resojet designed, constructed, and tested at this Station is ca- 
pable of delivering a maximum net thrust of 13.5 lbs. at a specific thrust 
of 835, using gaseous propane as fuel. Conclusions, as to the effect of 
the external air drag on this motor's thrust and efficiency, cannot be 
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drawn, sine« no wind tunnel equipment was available for theae tests. It is 
believed that the Valveless-Resojet in larger sizes, of course, could be use- 
ful in many application? which require a light-weight, expendable jet propul- 
sion unit or a light-weight, compact gas generator for driving turbines, etc. 
Air pressure, of course, is required for this motor's operation, but would be 
readily available in applications to aircraft already travelling at high speeds. 

REC0MMEMDATI011S 

16. It is recommended that work be continued on the Valvelrss-Resojet to im- 
prove its performance and usefulness. 
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Six in.  valveless-resojet engine as designed,  constructed,  and tested.    Power plant 
consists of combustion chajnber, nozzle pipe,   air intake duct,   and a means of injecting 
and igniting fuel.     Valvlng is accomplished acoustically rather than mechanically. 
Gaseous propane was used as fuel.    This power plant is capable of delivering a maximum 
net thrust of 13.5 lb at specific thrust of 835 lb/lb/sec.    Engine  could be used in 
applications which require a light-weight, jet-propelled unit or as gas generator for 
driving turbines. 




